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“eraft, structural fa11ureo have occurred in the control surfaces of Wings and

e

AND 11ﬁ-INCH ATRORAFT ROGKETS
— - b
'Paul Tamarkin, Ph.D. and Thomas A. Perls, Ph.D.

ABSTRACT |
P.relim'i“ﬁary dgtg,.ane=.pgfjejse,ﬁ_tg§i on the piréssurés and texjnp'er;‘i:tui'«e'_s assotiated with
the blast from represeftative types of aircrait rockets, as well a& gg_ the résuiting acceler-
ations Of two control surfaces off a TEM=3 aifplane.. The biast pressures were fouad
to consist of ah initizi positive peak, possibly followed by a longer negative phiase,
followed. in turn by a phise of Osdéiilatory pressures to which né definite frequency o

ccould be assigned. The limititionis of the pressure~measiiring chanié€ls are set forth,

. e o o P e o, - e s caaec .. E N s .
and deSign ciiteria dre évolved for instrumeéntdtion to Peé Gsed in airborng measurewaent:

6f rocket-blast pressures. =

i

- INTRODUCTION o I

-Upori vepeated firlngb of rockets from various types ef naval gir-

tail assemblies, In order to obtain deta oh which to base desifhs for céntrol -
uurfaces strengthened so a$ to wifhstand the biast ueuyqd rocl&ts whéen they are
fired, tre Bureau of Aeronautiés requested the David Taylor Model Basin to
make preliminary invé stigations of the pressure—flme hlstovJes of the blast
pressures behind rocket motors.¥* Accordingly tests were carried out with two
objectives in mind: (a) to determine the erders of magnitude of the pressures,
frequencies, durations; and temperatures of the blast phienomena associated

with the firing of ailreraft roékets, and (b) to determine criteria on whieh to

base the design and development of ins»runvnuauion to be used 1n exxended re-
search on rocket-blast preQQures _ o

The instrumentation used for the pressure measurements in these tests
was necessarily makeshift and consiSted of modifications of equipment ordinar-
ily used for the measurement of gun-blast nressures. It was not found possible
To use a single measurement channel to record both the high-freguency components
and the general long-dufation character of Lhe rocket’ Plast. By using two
types of channels on every rockeﬁ firing. it was hoped that enough informa-
tion cculd be pieced together to fulfill the above objectives. T

*5ee References 1 through 5. These and other references are listed en page 34.
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The tests included blast measurements from rockéts of Pepreséntative ' %
types fired from a Stat_ux ary TBM-3 airplane and from specially constructed . 1i £
test stands. . P
: The tests wWere conducted at. the Armament Te§t Undt of the U. S. 4 "
Naval Air Station, Patuxeunt Rlver, Maryland. Théey were begun in Dec¢cember 1quu —- .-
and completed in April 945, _ : : °
INSTRUMENTATION : o : . Y
The instrumshtation used inéluded diaphragm blast gages to measure .
Presgsures, COpQQFzG@HS@&Eq,? théLmocounles to measure temperatures agsogigtgd.. L =
with the blast, and Westinghouse quartz-crystdl accelerometers to measure the
accelergtions of the wing flap and elevater of the a irplane from which the '
rogkets were fired. B
w Eressure Gages -
The diapiiragm blast gggef shown ;n.FLégre 1, consists essen vially. of : \n“;
a pressure-sensibive diaphragm backed by a sealed compaprtment containing air ) .
at a pressure of 1 atmesphere. The diaphragm acts as a flat, fixéd-edge cir- ~ i," N
ccular plate having a characteristic deflection pattern and a natural frequehcy . . ;
depenaent‘on its composition, thickness, snd .diameter. Two modifications of

the gage wWere used; one To measSure short- dula&lon pressures and the 6ther to

measure lohg-duration preéssurés. In the first a s*train elemént made of a
~___ single=layer, spiralWy wound,, honinductive coil of V-mil Admanéa wire with a S E e i
ﬂ resistance of 580 ohms was cementéd to- the inner face of the diabhragm. The
seconid modification had two Spiral stra
120 ohms. One glgmentzwa3-oemented
outer side, of the diaphragm.

§.-,- ea’eh with & J.'UD.Ltibd"lce of

ct

o the inhner slde, and the nther to the

) Terminals far «cuble conductors ond : ' . ;
» ’ leads from strain elemen‘ —e — :

Micarta Insulotor—__

]/ =>—Rubber Goskets

Micarta insuiatce ‘.

Spirally wound wirg strain slemeni-—-j

Pressure —sensitive Dowmetal diephragm
integral with gage body

Figure 1 - Diaphragm Blast Gage
CONFIDENTIAL
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In hoth gage modifications the pressure to be measured produces a :
= = deflection of the diaphragm. The attached SplPal strain|e1ements, _Which respond

1 to the tangential :strain§ in thé diaphragm, undergo a change of resistance
’ When a current is sent throubn the strain element, the resistance change pro-
Lo . duces a veitage variation which is ampllfled and recorded . .
! The diaphragm blast gagé is senSitive té températuré. This is es,
beci&ll& true of the Siﬁéle_elemen$~modifiéation'but alse, 6 a éonsiderabile
extent, of the double-element gage==even though good temperature compensation
between the two elements is to be expected for quasi-static temperature changes. -
! The ¢ompensation 18 far from complete for dynamic changes, because the two ele-
ments--oné on the insidé and the other on the-queside of the diaphragmA-are
subjected to differént dynamic¢ temperaturés. It Wwill lateér be shewn that the
temperature effect on the short-duration gage introducés some incértainty into :
! the determindtion of the positive impulse in the rocket records. With bthe '
? Tonhg=duration gage, the transient tempera turaes from rocket blast have- censid * ’
erable Gime 6 act and thus tend to affect seriously the later phases of the ) '
pressure record. Toeoveréome this drawback, a very thin sheet of_aebeéses 2 -
naper was placed over t e diaphragm and cemented te the shoulder of the din- ' }

ssure-séensitive portion of t.e

dlaphragm ; il : _ , nted to ths gage case over I
the asbestos i order_to keep % ;=15_>-’fT" 1.'f%_._£f the asbestos. Thia
: device was tested and ound to give éonsftluf”iffi:atgii prqse@ti@n from heoat.
T - It Was atsa found; nowever—urn the cours ;~i1;}-,“ ;;"t$§g§a§fﬁi s with =
‘oothrb&re emd'asbestqsecoveﬁed.gageS"mnhau the asbe est stri'ing the diaphrabn

added to the pedk préssure . by aboub 10 pércent. This effect is of nd conseé-
quence since only the leng-duration pressures are considered to be reliably
récorded by the double- element gaze whlcn uses a relatively low-frequency

electronic dhannel. - ‘ ' b

PR S

The use of “ two tyopes: of channels, one capable of recording high-
; frequency (up %o about 15 000 cps) p es ures for durations of about ?5 milli- .
. secorids and the ¢ re

it

! rding Yow-I'requency pressures (under 150 °
cps) for 1ndef1n1tely Long duratuons was nec¢essitaved by the 1nherent inabil-
. ity of one diaphragm blast gage and 1t§ associated ¢hannel to méasure pres-

sures ranging through the frequency spectrum from 0 tc 15 GOG cp On the other
hand, it was important fo scan this whole

vino

.CC

‘O

spectroum becaLse the nature of the
rocket blsst being measured was unknown. As a result; the use of two recording
chammelis—za nign-frequeney, short-duration one, and a low-freduency, long-
duration one—was nzcessitated.

CONFIDENTIAL
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InﬁtruméntétiOn for short-duration pressures. The block -gisgram
for the recording channel associated with the sitigle-élement blast gage is
shown in Figgre 2. _The~strain-elemenﬁ forms oné arm of a Whsotstone pridge

_ Long Caple ¢ BZﬁgé"., . Filter= { - Gofhoda Roy - < =
S : Battery o Ampllflerd T Oseilioseope - LJ:camera |-
_ - = Sr—— . ”
I Pawer - | Sweep | )
1 Sveely 1} - jf_Seneratar ¥
 Blask | o —1?mgger
|, Switeh” T T T I Gircuit
“~ e Pt

Figure 2 ?-Bﬁqck Diagpam of Recording Channel of Single-Element
Gage for Recording Short-Duration Pressures

whose sutput i1& conhected to a preampli*ier C“ﬂtal ning an elec&roni filté"
eircuit. ‘This filter=amplifier may be tuned Sna”ply so as to~atbenuate almos
compketely the spuricus signll due te the végenant - ;brau&on of the gage g%
%8 natural frequencv These vibrafions Epe usua;ly

tation and interfbre with the DLUU: - ¥ ﬁ'jr:QE“n~*

&
Tne 1llfermampL fier is,; In tuph, connected to the amplifiers in a DuMent. myper

208 cathodes=ray.- osgilloscepe., - A TMB sweep genéfétor supplies & liriear time

blast- oensiti ve. switch placéd between the seource of blast and the gage:
This switch is part of a circuit containlng a battéry and a reﬁistor across
which is devélaped a vs ltdge pulse which triggers the

aweap_generator. The
trace on the cath@defray tube is photographed by means of a Kodak Ektra cam-

era with F/1.9 Ektar lens. Some records are photographieéd by means of a General
Radio Class-651 mavingafilm oscilloscope caméra; the tiﬁe base on these récorﬁs
being supplied by the moticn of the film rather than by the swéep geneﬁatorn'

- The gage with the single strain élement and its a5§001ated‘amplify*ng
and recordlng channel nad @ frequenuv response. easentLally flat up te r5 000

eps and was used chiefly te détermine the rapid pressuré fluctuations in the

first 2°¢ m;ll¢seconds Sinece the electronic system had a time eonstant. of

approximately 7150 mllliseco“us, the low-frequency cbﬁpbﬁents of the pressures
recorded after the first

)

+

(

b
l\)
B
=t
f aad
ke
w
(l)
C)
=

Q.

were probably serliously distorted.

_ Tnstrumentation for long-duration pressures. In order to obtain the

£
rhay

bzsire history after the first 25 milliseconds, a double-elem
ke dlaphragm gage was used.

ent modification
This gage was attached to a TMB Type 1-A strain

N
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indie o,'-ﬁhﬁse output was coupied to a string d§cillégnaph. The block dia-
;gﬂam'for the modified dlaphiragm gage and its assoctated channel is-given #n
Figure 3. _The strain indicator consists sssentially of an a=c bridge

» EWO
ey t-ong: Gablé © Type i=A ] | a :
rGage i g Y e T,pe ' 8 R e | Sfrmg Osc:llogr pr !‘

‘t - T Sfram Indlcotor ; jr(Heﬂtmd or Generol Electr-c)
! . _
~ - :Power z
Suppw

Figure 3 - Bloek @iagﬁém&of‘ﬁecopdimg-ChanHQ& of Doub¥e-Element
Gage for Recording Long=Duration Pressures

active arms of which are fdﬁmed by the strain elements cemented to the gage
. diaphiagmn. The bridge voltage 1s supplied by a 2200-cps oscillator. The oaut+

nﬂv O‘f th

the bridge i§ coupled into a J-stage auplifier;, which is followed by a

nixer snd phose discrimihator sfage (te differentiate bebweenr ¢omprésgion and

tenhsion of the dfapbragm). These, in turn, abe followed by a dual demedulat
and & rectifiying stage whese outpul

WiAEW 1’15

output current is linear to & milliamperes.

ATOYR 6ﬁchannel-oscillogrqpn” width §mn1ng‘ga}wanometcps ﬁavrhg a natufgl fré;
quency of 100 &ps and a frequencéy response flat up.té=§0-é@s";lﬁhé§e~galmanom~
eucrs Were- shunted to-reduce their deflection sensitivity.

General Flectric 6- channel string: o°c1llog“““

kad a regonant frequency of 1200 cps and a

The other was a

raph. The strings in this instrument

a response flat up to about 500 eps.

Both oscillographs had pullt-in timing devices which drew lines across the film
at. intervals of 0 m u;l seconds.

Le"mocouples ”

In'opder to-measure the temperatures associated with the blast behind

rocket motors, copper-constantan thermeoccuples were used. These were made of
L-mil copper wire and ,—mi; constantan wire. As shown in Figurs Y4, th
were mounted between two blocks of wood, which were bolted together and shel-

lacked; the "hot" junction® protruded from between the blocks about 1/25 inch

JEALH] 1

*The conventional terms "hoi" and "cold" junctions of the thermocouple are used for the actiuve and
insulated junctions respectively.

CONFIDENTIAL

£ ¥s connécted Lo a string osciliographu The:
response of the strainm indicator is approximate*y flat up To 50 cps ahd the -

Two types of string OSCll;Og“aDhS Were use One was a Héiland Type-
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and the "eold" jumétion was compietely inside the bloek. It was assumed that
the duration of the transient tempéra*ures tiouid be . sho?t-enough to preclude
a significant rise of température ifisids the wooden biock at the location of

the cold junctiori, The thermocouple sighal was recorded directly on a sénsi-.

tive galvanometer string of the Helland os01110grann to which it was connected .
by & long cable. . B i

Hot. Juncf-ion\ - ) 8 . l;- -y
TR \..onstantan Wwife )

=7 AT

- =céld -
\ ./ Junction:

~ Copper Wire—<<2]. | 1

R R K1 l
- 1:' [ .
. | ! Viood: ,;,, Wood
-, f A Biock 1 Tglock
U B } i
T_oTHei!'ohd. Recording ‘ : : . i3
Steing. Galvanometer - : SRR = = -
T T T Tawenaa . -
Figwre 4 - Schiematic Dia iagram ef Thermocoupis
= Each thermecouble was calibrated befofe assembly in the woeoden blocks
by platcing thée eold junction ﬁn a beaker of water at roem tempefature and-im- -
mersing the het ¢unbu}©g 1% anotheér bedkdr of water which was heated by a hot )
pizte. Simultaneous readings were taken of the.temperature of the water and
the current through the thermeeouple 'The vemperature of the water ¢ontaininag E
trre not Jjunetion was varied from roem temperature up to 100° C.. The. walue of- S
. the thermocouplé sencitivity over this range was found to be eenstant, and was” -
assumed to apply even above uhlS range sincs h-gh ag icuracy in the me asurement .
cf” vocket-olast uempenawures wa.s met essentxal. - . - -
Accelerometers 4 3

Accelerations of the wing flap and elevator were measured by a quartz- 3 ‘

! erystal asccelerometer of the Westinghouse type®® A schematic diagram of the
: accelerometer is shown in Figure 5. The accelerometer had a natural frequency
| of 20,000 cps. It was connected by a short length of shock-resistant eable to
E a nearby cathode-follower impedance coupler and natural-freguency filter which,

in turr, was connected by a cable to a DuMont Type-208 blue-trsce cathode-ray
i escilloscope.
}
b
|
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i
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-2 5arings

= Quartz Grystais

Fe—Hoausing.

: o9 Ta-'.a 9180 '

F A
F:Lgure 5& - Crystal Aceelerometer

with Shock-Resistent Cable Figure 5b — Diagram of Accelerometer

=
3 :"lr,r;pedcngé:: Lcng COb|G' ;.55,9_0?"0“‘-‘?‘: o _’ arhc;dé —D}iy : _ « [ SR
T Goupler - i T TTT LT Oscillgstopé - . = Qg_mel"a-:_ =
Shart 'Shock ~Resistant ‘Cable . ":Sweep‘ N :
- ’ o - | Generaror |} )
N e | rigger ) .
B o o Ty ' 7 CGircuit - =6
Figure 5¢ - Sci@mabic Deagram of Crydtal Accelercmetesr Gircuit
Figure 5 ~ Crystal Accelérometer
‘ TEST PROFEDUR? =k R

The m@st dirbct way of determining the roeket+blast pressures 6n an

airplane Surface 15 to fire the ““;k t from the-airplane in flight. Since no
simple way could'be found to take alfborne measyrements with this prélimiﬁary
1nstfuméﬁtatlcw, Some 5063 approximation to this method had to be used. Ex-
cept for the effects of air speed, altitude, and ambient temperature, it was
felt that good prelimin ary results could be'ﬁbtaineﬂ by firing the rockets
from undsr the wing of a p;ane Wwhile the plane itself was lifted a few feet

of f the ground. At the same time, 1T was thought that future ground testing

could be ceonsiderably s:‘anpluifjxe'q if it cou-d be shown that some simple testing
stand could replace the 1iifted airpiane w1thout seriously affecting the blast-
pressure records.
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The actual tests consisted of three patts:

1., Measurements of the rocket blast from: 3& neh akreraft rockets (AR}
and 5-inch kigh=velocity aireraft rockets (HVER) ét'p@sitiéns in & testing — —

P2 ’

stand srmulating,positions on afrplane céntrol surfaces.

2. Measurements of -
tPol surfaces of a TBM-3 ty

(‘f‘

he blasdt from th&Sé_ﬁGCKeﬁS at positions on the. con-
pe airpiane,

.c<l
ol

3. Pressure messuyreéments of the Llast from 11;»anh AR's ("Tiny Tims")

— a& simulatec SB2C airpiane positions.

‘Mé&surements obtailned at simulated aifplane positions will hereaf'ter
be designated as measurements of "field" pressures. Simui@aneousiy wilth meas-
urements of une lﬂeﬂd blast pressurés, temperaburss Werd meusured at the
pr@ssure~gage locations Accelerations of the wing {Iap and the »ralling edge
of theée elevator were measured along with the blast pressures durlng the rocket
firings from the airplarne by mounting an aécelerometer beside the pressure
gages.

Measurements at Simulated TBM-3 Airplane Positions .

- Blast and temperature from B%Pinéh AR's and 5#&héhﬂhﬁﬂR“s were meas=
ured in the following manrer. A aoard was atudch"‘ *o a rocket launching pkat=
form above the rocket, Figure 6a. This board extended aft of the réckets “nozzle,
and two gages were mounted one behind the other at thé end of the board. This
gage position simulated a point Whiéhzwould be directiy behind a tockef and in

" the trailifig edge-c; the wing flap ¢f a TBM-3 airpiane. . To simulate a pééiﬁi@ﬁ

in the elevator contPol surface of the same airplane, twd‘gggéﬁaWere placé&-in .
a baffle 22 feet behind the rocket nozzle (Figure 6b) and at. such a heighb“thai
the gages were U feet above the rocket axls extended when the reocket was in its
firing pesition. A diagram of these positioms is shown in Figure 6e¢.
In general the gage p031b ens were such that th eir geometry wilth re-
spect to the rockets corresponded to that wnich weuld exist for chosen pésititns
in the con;~o1 surface of a TBM-} alrpTdne. Fo¢ each rocket firing, as Shown

in Figure 6d, the stand was lifted in the air S0 that the'ﬁ;ﬁkéfnﬁms.abaut Fial

a =Y ea ‘9

feet above the ground. Tiis was done to delay the effects of reflection of the

“blast from the ground. Several séries of rounds werec- fired, with various com-
.i

nations -of the two types of gages being used so as to obtain the complete
pressure history at each location.

Temperatures frem the firing of 3%-ineh AR's and 5-inch HVAR's
were obtained by mounting tTwo Lhermocouples on the board beside the pressure
gages at the simulated flap positlon :

CONFIDEHTIAL
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Top View P =
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N - L Simulated:
- T i Flap: Position
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_ Position
T D
Elevalion - |40} _//,f/.
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Pressure goges
View-of foce- ©
View of edge =

- Thermocouples X

‘Figure 6¢ - Pressure Gage

and Thermocouple Fosition

n
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Figure 6 - Field Measurements on

Figu.a 638 — Rocket Stand Ready for Firing a 3:‘—Inch AR
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Measurements on Control Surfaces of a, TBM=~3 Airplane

During the firing of 3—~inch AR'S and 5+inch HVAR'S, rocket blast )
pressures on the TBM=3 airplane and the resulting accelerations were measured
as follows: There were essentially two gagé positions, ohe in the starboard
wing flap. and ene in the stdrooard elevator control flap. There were twWo gages
at. eath positien, grie wifh its diaphragn flush with the lower surface of the
membér; and one with Its diaphragm flush with the upper surface. The gages .
flush with thé upper surface Were intended to determine the mafgﬁituée of the
Jiffracted pressures. The first gage position Shown in Figures 7a and 7b was
as close to the trailing edge. of the flap as p0351b1e and almost direotly be-
hind the rocket nozzle The second gage position, shown in Pigures Jec and 7d
Was just aft of the hinge-gf the eievator and gs hear the outboard edge as

possiblie. Sevepal séries of\shots wére fired using various combinations of the
two types of gages, short and Long duration, in order to obtain a representative
pleture of the pressures ac¢ting at the lower and upper's"rfares of the trailing
edge of the flap, and the lower and upper surfdces of the elevator. During
thesé firings, the airplane was lifted about 12 feet into the alr in order to
delay the effects of reflection from the ground ‘The raised'pianelis.picmured ) ) ]
in Figure 7&. - N

- To measure the acé‘ie. tions of the wing flap afd elevator under ~
the action of rocket blast, accelerometers were bolted to the cases of the
dovnward~oriented pressuré gages 0 as to measise the vértical component
6f the acceleration. A typical accelerometer mounting can be séen in Figure )
4. E R - : e T S : 3
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Salvo Firings

An additional test was conducted t0 uetermine the pressures acting on.

the ilower sur?ace of" Lne wing fiap upon the firing of rour b inch HVAR'S sdmul -
‘tanequsly. ' ‘ : :

Effeet Qf_Laanhing,Angle e o e ) N

Another,sdbsidiary'test=ﬁas conducted tc-determineftﬁe_gffect of _
varying the rocket Iaunthing angle ofi the'presSﬁres acting on the wing flap.
The nose of the rocketrwas raised or loWered sc that the angle between the new
rocket axis and the old was plus 4 or minus 4 degrees, respectively.

Heagsurements at Si imulated SB2C Airplane Pos*tions

The last portion of the teést dealt with the measurements <f blast
A
pressures and assoclated temperature from 11 ﬁ inch AR's. The pressures were
CONFIDENTIAL
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Measurements on 11 3/H-Inch AR's,

"Tiny Tims"

" Tages are at positions simulatihg the

fuselage and elevator of an SB2C airplane.
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measured at three positions whosé distaneces from the rocket caorresponded to
two points on the fuselage of an SB2C airplané and to a point on the elevator .
of that type of airplane. As in the other parts of the test,. two gages were
used at ¢ach position, eone to measure high-frequency cemponents of short dura-
tionn and the other to measure lewer-freguency components of longer duration.
The gage locations are diagrammed in Figure 8a and are showh in Figureo 8b ard
8da. @n-Figure 8¢ 1is shown.the firing attitude of tThe rocket 6n its launcher:
As 1n the field measurements of tne first part of the test the tem-
perature o6f the blast was measured at the.presa_< =Z5g5 UOVJth;) vltn TASTMO &
eduples. '

RESULES
The results obtained were in the form of several hundred osc®le=
grams showing pressures, accelera*ions, aid temperature _asseciated with tne
blast from the various types of rockets, Since it *s not practicéble to pre-

sent all the oscillograms, only a féew which bring out gehneral charaéteristies

and trends are incorporated in thls report, Figures 9 to 18. '&pe@ific-qpana
tities of primary interest such as peak pressures and positive impuilse wens
medsured from the records and have been grouped in three tables corresponding

‘Lo the three typesofrockets used. - 0 77

"~ Two seéts of préssure reécords from ﬂ%ainch ﬁR‘syeach.obtéined under
identical test conditions, are préesented in Figures § and 10. Thesé records .
are short-duration- field'meéeufemeﬁts obtained at the positiens simulating the
fiap of 4 TBM=3 airplane with gages faclng down, Flgure 9, ard up, Figure 10.
The considerable spread of the peak pressures, is to be nhoted.

in order to bring out the typical time relationship between the pres-
ures and temperatures found in rocket blast, simultaneocus long duratton pres~
sure and temperature records are presented in Figure 11. They weré obtained at
the simulated flap pesition, and the pressure gage was Tacing gpwarda

In-figures.TZ through %6 and in FigureVWS; shOrt;_and'léﬂg'duratlbn
récords obbtained at the same gage positioniare.shewa_toggtheri Wﬁérever-pggsi;
ble. HNost of these pairs of PEGords weré actually obtainsd side by side,
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during a single firing. Measurements obtained on bheiﬁBM+3.airplane and at
the cerrésponding simulated position§ have béen juxtaposed te bring out indi-
= vidual s1m11ar1£1es and differences. ’
o Im Flgures 12 through 15 are presented Safipie ;eeorus of blast pres=
sures, temperatures, and adcelerations from 3¢-inch.ARhs and 5-inch HVAR?'s .
Short-duration records are shown as white lines on a4 black background, while
long-duration records are black on white. An effort has been madé to show
representative regerds,‘iye;m thosé which mest cléselv résemble the average of
several records obtainmed Quéer apparently identical oonditions The records
'assembled in Figure 12 pertain to the blast e Lect of BE-inch AR at the flap
p081t10n of a TBM=3_airplane. 'Thé left-hand pressure recOde were Sbtained at
the simulated airplane positions (Figures 6a, 6¢, 6d); the right-hand pressure
records wére obtained on the airplene (Figure Ta). The four top records were
obtained with, the gage facing down; the next four with the gagé facing up. The
temperature record was =btained simultaneously with the field measurements,
while the acéeleration record was. taken during the tests on the actual airplane.
‘The réecords In Figure 13; also for 3¢~inch AR’s, were obtained at the
elevator position of a a TBM=<3 airplane. The positions at which tne préssure and
acceleration records were obtained are shown in Figures 6b, be. and 6d and
Figures Te. Td, and Te for the field and a1rplane meéasurements, respectively.
The general arrangement of the records is the same as in Figure 12. No field
pressure measurements (for 3H=1nch AR's) were obtained at the simulated eleva-
tor position, wigh *he gage facing up. There were also no temperature records.
' - The records in Figure VJ pértain to the blast of a §- incﬂuﬁéiﬁ at ‘the
“lap p031tlon of a TBM=3 airplane and are arranged in,anctlv thae same manner
a8 these in Flgur 2. The gage gositions are shown in,the same flgures as
* those for the reécords of Figure 12. :
' The records in Figure 15 wére obtained with 5-inch HVAR's at the
~ élevator position of a TBM=3 airplane. The general arrangement of Figures 12,
1%, and 4 has been followed. No temperature record was obtained. The gage
'positions are shown in the same figure 4§ those for the records of Figure i3.
The pressure impu‘se&.accelenat*or and femperature data from {irings of
| %-1nch AR7s and H-inch HVAR's are assembled in lables 1 and 2 ”espective iy.
’ They consist of pressure and Impulse data obtainead from the short duration rec-
ords as well &s acceleration and temperature data .
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Figures Té 17, and 78 show représentative pressure and temperatur
reeords -obtained from firing of 11%—ineh AR's, The short- and longzduration
pressure records in Figure 76- and the temperature records in Figure 17 weré ob-
tained at simulated fuselage positions of an SB2C airplane (Figures 8a, 8b,
8c), while the pressure records in Figure 18 were obtained at the simulated»ele—
vator position (Figures Ba, 80 and 8d). Table 3 gives pressure, impulse, and
temperature data for 11%—1nch AR's. The leng-duration Pecords Ior thesé rockets
weré -obtained with the channel reliable to 150 eps, and the peak pressures and
impulses from the eong~duration gage have therefore béen 1nc1uded in Table 3.

(‘next, ‘continued on pege 28)
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@IﬁQH_SIOﬁ‘QFr@£ST‘RESZLTS

~nesults from Firings of BM-Inch AR“S and 5 Inch HVAR‘S

ity so that the test results from tnese two %ypes ot r@cketg can be discussed
together.

The dots Tug )ﬁ-LA&h it uac ;,iﬁc EVPR'S snow suff"ﬂlent similar=

@he,gfea& Al fferences ameng inajv dual rockets of the gamé type have -
already been pointed But in ¢ onnectieg with ngures 9 and 0. An additional
feature of the shert_dunarion récords may now be pointed out. Many of them.,

especially at the flap pesition, facing down, are characterized by & sudderi downs

ward Step of the Lrace, occuring with gaaa=regukafity 3 to 5 milliseconds after
the start 6f the record. Reference to Figure 11 Shows that the fivst tempera-
ture pulse is also observed at the flap position at that timé. The possibility
had to be considered that cnls downward step was a dynamic temperature effect

¢aused by the outward buckling of the gage diaphrangdge te @ temperature grad;f

ient Instantaneously éstablished ﬁrem;the;eu§5tde to thé inside of the gage.
Sueh a gradient could be"eveloped for gages eclose e the rocKet axis; by the
Stream of hot gases expelled by the rocket.

Analysis shows that this gradient would sybside almest entirelv with-
ifh & few milliSeconds {depending on the thickness and material of the diaphragm).
A% the same time, the heating of the entire gage would cause a radial expaﬂeion
éf'the diaphragm, resulting ifn 2 poésitive tangeritial Strain which would appear
as a positive pressure on the record. This sécond effe ct,%;gda vheq explain
the apparent return of somée of the recerés to a steady level aboVe atmespheric
pressure. ' '

Portunately, these poséibilities‘lend.ﬁheméelves t6. experimental in-
vestigation, and a set of laboratery tésts was performed, in which the flame of

z "Prestolite"” toreh was rapidly swept over the face of an unprotected, single-

T o e

QLUmUuu gage diaphragm., The resulting records are shewn in Figure 9. The
shafp negative dip follawed by & return of the trace to a positive level veri-
fies the presénce of both dynamic temperature effects for the gage used ih ob=
taining the short-duration records. A similar test was conductsd with the .
double-eélement, asbestos-=covered gageu There was no lnstantaneous effect with
this gage, and a relatively slow downward drift of the trace was observed. This
i1s readily explained as an effect of the temperafur“ differentlal between the

~two strain elements.

In evaluating the reccrds presented, the following features must be
remembered in view of the above resuliis:

{a) Sudden dips, occurring in short-duration records 3 to 5 milliseconds
after the start and reccvering in a few mllliseconds, should be ascribed at
CONFIDENTIAL
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teast in part to temperature rathér thaf préssube.

s

) 'The average level of short-duration vecords should -not bé trusted
) eftor sueh a dip, since it _l.S esta biished at least martlally by tpmperatur'e
' {ey-4 g e dowaward Erend observed In 1ong-duration ”ecor’ds is temperw )
g ature effect. - = = e T o
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Figure 19 - Dynamic Temperature Effect for the—- - ] ~
| : Unprotected Short-Duratitn Pressure Gage ~ R

, These records were obtained by rapldly sweeping across the face of
i the guge thé flame from & "Prestolited torch. Ths dirferencss in the
twe records mey be ascribed to slightly different sweepiang rates,
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The use of the highzfrequency, short{-duration gage and channel made £ ;%
possible an estifiate of the order of magnitude of frequericies that were high B : §
i and alse resolved the dstalls of the a igh-pressure initial phase. TPhese ini= &
| t12l phases foF differentwgage-lgcatio;, and both types of‘r@ckets can be Seen'_ _ ?f
to ¢onsist of an initial peak composed of sSeveral secondary sudden rises, which ’
are believed to be due to shock Waves, sither from thée rocket ignition charge ) = %
or in the gas flow. Thé considerable differences in recorded peak préssures = j
ire due to the difference in frequency respensé of the short- and long-duration Co
regdrding charnels. It will be Seen that the renaining discrepancies between
the shorte~an@ long~duratioh récords can be accounted for by the abowve Eemper-‘ 2
ature effedcs, 7 . 5 , I
' ' Throughout these récerds, 1t 1s apparént that the general charactéep~ »
isties of the pressure from the aifcraft firlhgs were the same as those from - |
the field fipimgs. This shows that the baffles in which the gages were mounted
= for the fleld firings were sufficiently large to simuiate the aircraft control ﬂ; i
surfaces for the important frequency components of the pressures, It is be- 1
lieved that the diffe”ences bstween the respective a@erage-Vaxues of Peak pres- = E
sures and impulse are withim the spread inhepént in the performance af rockets |
and of o experimental significance " '
As might be expected; the temperaﬁure d1ps are most prdﬁounéed-at the 3 :
gage position on the lower surface of" the flap They do not seem to interfére ] - :
with the reccrding of peak pressures whieh'usually oceur earlier in fhe record. 5
An estimate of the true positive:impulse” howewér, becomés quite'dizficult. Tne' 1
_ values given in Tables 1 and 2 were obtained by integrating %he-apﬁ&féﬁt-ﬁ@Siﬁime
impulse in ﬁhe-shsrtmduratien ﬁe&oﬁ&s ard are almost ce@taiﬁiy 00 Iow. This o
: - asSumption may be verified by reference to the long-duration pressure records in . . i
' Pigures 12 and T4 in which the positive pressuré phase has a duration of 20 f

J
-J{VAﬂ's. ' T
- The peak pressure at the lower surface of the flap is of the order of -
15 psi, with the peak pressuré Trom an occasienal vocket as high as 25 psi or
more. The positive impulse cannot be reliably given from_ these records but al-

v

most certainly reaches 40 psi-milliséconds or more in some . recoras.

milliseconds or more for 3} -ineh AR's and about 10 milliseconds for 5~inch

At the upper surface of the fiap, the pressure and te mperature effects
gre much mildsr, showing that ‘he diffraction of the pressures is slight, and
the values given in Tables 1 and 2 can prchably be trusted. At the elévator
position, the double pressure veaks are resolved in both short- and long-duration
records and must be considersd reliable. The second peak is probably due to

ol
‘refiection fr round. It

0q

om the is believed that the 10-miliisecond spacing of
these pressure peaks 1is resprﬁsible for the brief but strong 100-cps component

in the corresponding acceleration records. ,
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- - The témperatur recoids probably do not have high accurady becguse
of unavoidable thermal lag in the thermocouplés. This is particularly true of
"the Tirst heat flash at the beginning of the record, which high- speed.pictures
“showW €0 bé caused by a siagle puff of flame traveling at a speéd of about T500
feet per second The records should, however; give a useful indication of the
history of the temperAtures préssnt,- ie - ==
= "~ The pregsure loading-nn the le; fé@élgimnléan;ea_ o £ as
appre¢iably moré Severe than that from single firings. The recopd fro test
with four 5- -inéh HVAR"'S nominally fired simulta neously showed a peak pvessure
of 19 psi This pressure was ih the 1nitial phase and may hare_Heen due to
two or mo e of the rockets actualiy firi ng simultaneously A secondary peax,
Wlth a pressure of 5 psi, followed “this pe;:_;as possigl§ aue to the delayed
firitng of thé other rocket or rocxets {the delay beéing due to difference in
Ighiting time) After ihis tnere was a region of pulsating pressure with a max-
ifum value of atout 9 psi and a fundaméntal frequency of 300 cps. This. phaseé
lasted for about Eﬂwmiliiseconds,.and then the préssurés sbaited mO subside.
Only one reliable reecord of the blast from a four-rocket salvo was obtained,

g aal
S SR E

T
v

‘&nd presumably some of the details of the initial phase may vary with the dif-

ference in ignition times of the rockéts in the salvo.

The subsidiary teést to determine the effect cf varyiug the launching

arnigle of the rocket had enly one notable result, nameiy, in thé +4° position,

“..‘.
Lo ent out the dynamie iemperature-e* feet on the short- dLracion 5age The peak
positive pressures and pressure frequen ies were not changed to any great extent.,

- Results fﬁx&jigingsjgfjlﬂﬁéinchaARF§,,VTimMMiimsw

The final portion of the test was the field meéasuPement of the blast

préssures and températures from iwgtinch.mR's ("Tiny Tims"). The histories

of ihe pressures from the "Tiny Tims" depended on the position at which they
were measured, as Shown in Figures 16 and 18 and in Table 3. At a position &
feet to the side of thé rocket axis and 2 feet behind the nozzle--Figure 16a--
the highest pressures o¢curred on the average about 150 milliseconds aften the
pressure onset. These high pressures were vibratory, but no snecific-frequency
could be asS5igned to them. The frequéncies were composed of higher modes super-
Inposed on lower ones. The duration of the pressures at.this position averaged
_-about 290 milliseconds. e :

In the position 4 feet to the side of the rocket axis extended, and 8
feet aft of the nczzle—QFigure 16b--the records more nearly resembled those ob-
tained from the smaller rcckets. The maximum pressure occurred at the very
start. About 180 mililseconds later, there was another region of vibfatory
high pressures, although these were not as great as the initial pulse. The dur-
ation of the pressures at this position was about 275 milliseconds.
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_Ihe final position studied was the elevator positien, Figure 18.
Here again the péak pressure occurred initially. About 20 milliseconds after -
the first pesk came another of amplitude nearly as great, and yet amother 30
millisecohds after the start. These peaks can be Séen in Figupe 18. Aftér this,
TGl Drebqure essenb%aily 030111ated dbout zero wWith a few secendary peaks, bubt

el L e 1 i

gensrally with 4 steadily uecreasang amplitude--as éan be Seen frem typiedl :
'IOngndu?aﬁi@n string-cseillograph reécords shown in Figure 18: The pressure dur-
ation at the slevator posititn averaged about 270 milliseconds. = a2
" Temperature measurements were fiade at the two positiens 2 feét and 8

feet behind thé nozzle and 4 féet to thé side of the rocket axis. It can be

noticed, from the pair of dupliecate Pecords in Figure 17 and from the data inm ﬁ-
Table 3, that the nearer thermocouple is not acted upon by the jet 6f the roecket ;
-as séverely as the farther oné. This nappeﬂs-probabiyibecause the jet is not ' ) {
 very wide-at the 2-foot position. o - - R

CONCLUSIQNS AND RECCu ””TIONS

It should be stated that this report is primarily laCtUdl_ présenting
the results obtained dufing the test with little attempt to Lnterpret them.
Many measurements.were taken, and it was found that the §cg§ter of the results
Was-qdite-1§rge~-j:3®‘percen%'é%7ﬁbfé" The results as given are both average
and maximum observed values. 'The large scatter s principally due to the in= _ .
‘herently somewhat 1ncon31stent nature of rockets The measurements taken show . ‘
that the blast pressures behind r Qc&et.monors.anera_gompiieated~phenOmenon, con-
sisting of low-fPequency coiporents on which is sﬁme”imposéd'a range of higher
frequencies. Mgst records aré characterized by an initial pesitive peak 1astimg - E
N up te a few milliseconds. The 1m*tia1 positlve phase 1s proban 4 contrlbutea to
_ greatiy‘by the shotk waves from the igniter charge. In-vrder to reduce the -
shock-wave pressures, the igniter change should ke cut down to the minimum value
at which the rocket. will still fire: —- o
A relatively long-duration negative phase may also be present immedi-
ately after thé initial pesitive phase, but its existence was made ancertain by
considerable dynamie témperature exlects

Recorded os01llating pressuyres may wel1 be due to uurbulence in the . _ -
region of the jet and to shiock waves in the jet. Damage to the a+rpL¢ne members
under test may be enhanced by the vibratory character of the pressures, espec-
ially those of lower frequencies. o

Simultaneous firings of several rockets in a salvo increase the peak
pressures considerably, and thus individual firings in a salvo should be stag-

gered by al 1least 0.1 second to decrease the peak load on structures expcsed to
the blast. Little or no relief except for temperature effects can be obtained

by small variations in the launching angle of the rockets.
CONFIDENTIAL
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- These brelxminary tests were designéd to bring out the éharac$§ristics
of the blast pressures from rockeils. Since the préssurés are probably strongly
dependenx on posit;mp,.a nuck more complete map of the pressure field behind
ﬁccket.motars.shOulg-be undertaken. Moreover, the préssures from dynamic rocket
firings in still air, such as thosé reported, may be quité different from those
in the air stream--as when roc¢kets are firéd from & flying airplane. Pressure
measubements ifr flight thus seem riecéssary, with the philesephy that if a cor-
relation could be obtained between the pressurés n flight and #n still aip,

aly'grounu ’ifings-would be necessar ry for exteénsive maps of - ﬂe'p-essure field.
The preblem of obtaining such a ¢orrelation would pvooiblg be aqui te diff;cult
however:. _ ) -

AS has been'poiﬁted“out béfoﬁé5 the pressure méésurememﬁs'dnv*ng uhis
test webe undertaken . by tke use of a shert-duration, high=frequency channel and
a long-@uration; kow-frequency channel, in érder to cobtain a OOEPféheﬂS%_ﬁ_gi?ﬁ
ture of the frPduency speetrum of the'blasf pressures. ‘This procedure was ne=
fe531tated by the press of time and lack of more sultable instrumentqt*on Such
an arrangement 1§ not desirable, because an accurate, quantitative picture of
the phienomeéna cannot be obtained. The results of the tests deséribed in chls
report “Showed the nécessity of canstructlng prnssure gage ané aSaociatea
electronic chaqnel that would medsure falthfully pressures with a frequencv
spectiun Panging from Zero to at least 15,000 cps. Once the nature of the rock-
et blast pressures is known quantitatively and the most damaging fnequéncies
{probably fsirly low) are established,; the recor iing e equipment could he %aTrQWe@
in ifs renge, 1f this would simpllfy °ppregiébly the task of mapplrg the Dres:
sure field. : "~ - . - =

S

2 e = - .

As a wésult of these prelﬂminary 1nvestigatihns, auant¢tat1ve re qﬁi
ments* for a complete p;essurewmeasuring and recording channel were drawn up!’
in a meeting between representatives of the Naval Ordinance Test Statidn.ana of
the Taylor Modél Basin. '

PERSONWFL

- The tests were carried out by Ens. P. Tamarkin, B. Sussholz, W. P.

" Kiley; P. Hendriean, and A. Menzak from the Taylor Model Basin, and by Lt. (52)
J. Hundley'of the Armament Teét Unit, Naval Air Station, Patuxent River, Mary-
land. The results were ahalyzed at TMB by P. Tamarkin and T. A. Perls with the
assistance of Frances Long and W. E. Carr.

*These requirements led to the development ©F a condenser~type pressure gage ard associated resonant-
bridge carrier system which are described in References 11 and 12. Sample rockst records obtained with
this new iumstrumentation are presented in References 13 and 14, ’
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